Effective tailoring of magnetic properties of low-dimensional systems requires an understanding of the basic mechanisms governing the magnetism at the sub-nanometer scale [1, 2] . For example, in the case of the ultrathin pseudomorphic Fe nanowires prepared by self-organized growth (step flow mechanism) on a stepped W(110) single crystal substrate, the complex magnetic behavior results not only from mutual interplay of an exchange coupling and large magnetic anisotropies, but it is strongly related to the dipolar coupling between nanowires [3] [4] [5] [6] .
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In this project we focus on the Fe/Mo(110) system. Replacing W(110) with Mo(110) gives us the unique possibility to observe the modification of magnetic properties of the Fe nanostructures leaving the structure and morphology nearly unaffected [3, 4, 7, 8] . While the similarities of structure and morphology of Fe films prepared on the Mo(110) and W(110) substrates were reported previously [3, 4, 7, 8] , magnetic properties of Fe/Mo(110) have been studied to a far lesser extent than Fe/W(110), and qualitative differences have been detected [3, 4, [9] [10] [11] . The magnetic easy axis is directed along the [001] direction for Fe/Mo(110) [11] , while the easy axis is [1 1 0] for Fe/W(110) films. The pseudomorphic ML Fe/Mo(110) nanostructures are perpendicularly magnetized at low temperatures [10] , whereas the ps-ML Fe/W(110) is magnetized in-plane along the [1 1 0] direction [4] . In this project we measured the widths of the magnetic domain walls in the ML and DL Fe nanowires. We show that the domain wall width increases with the Fe thickness, and that dipolar coupling is exceeded by direct exchange coupling for touching DL wires.
Experiments were performed in a UHV system equipped with an evaporation system for MBE, sample characterization facilities and a low-temperature scanning tunneling microscope. The Mo(110) single crystal was cleaned using the standard procedure [7, 8, 10] . The Fe nanostripes were prepared by step flow growth onto the Mo(110) substrate kept at 700 K [7, 8, 10] . The tungsten tips were flashed at 2200 K [12] , and covered by 10 ML thick Au and Co layers at RT. The STM images were taken in a constant-current mode and the differential conductance (dI/dU) maps were recorded simultaneously with the topography. In-plane and out-of-plane sensitive tips were obtained for different thicknesses of the Co coverage on the tip [13] [14] [15] [16] . due to the element specific contrast resulting from the differences of the spin-averaged dI/dU signal, which are connected with the local electronic surface properties that are different for Fe and Mo [10] . The Fe nanowires show two different colors, representing two different values of the local dI/dU signal for equivalent surface regions [ML Fe/Mo(110)] for which the spin-averaged conductance signals should be the same [12] . This contrast results from the perpendicularly magnetized Fe nanostripes in agreement with Ref. [6] .
The perpendicularly magnetized ML Fe nanostripes shown in Fig. 1(b) are not antiferromagnetically ordered, i.e. only two of the stripes are magnetized "up" whereas the orientation of the magnetization for the remaining stripes shows in the opposite direction ("down"). This means that the dipolar coupling between adjacent ML Fe nanowires is weak. The strength of the dipolar coupling between adjacent stripes increases with the stripe width and decreases with the distance between adjacent stripes [4] . The distance between adjacent ML Fe nanowires can be diminished down to a minimum by an increase of a Fe coverage up to 1 ML. The topography of the 1 ML Fe deposited onto the vicinal, and onto the flat surface of the Mo(110) crystal is presented in Fig. 1(c) and (e), respectively. Narrow ML Fe nanowires obtained on the vicinal surface are antiferromagnetically ordered, as demonstrated on the conductivity map [ Fig. 1(d) ]. However, for the broad stripes grown on the flat surface of the Mo(110) substrate one can easily find regions where adjacent ML Fe nanowires still reveal the same magnetization direction.
Three magnetic domain walls can be distinguished on the conductivity map presented in Fig. 1(f) . The position of the domain walls is rather related to the morphology of the Fe film and the existence of the pinning centers. We measured the width of the magnetic domain wall w by fitting the line-section dI/dU profile taken from part of the conductivity map [ Fig. 1(g) ] with the micromagnetic equation [12, 17] :
, where y(x) denotes dI/dU signal measured at position x, x 0 is the position of the domain wall, and y 0 and y sp are the spin-averaged and spin-polarized conductance signal. The value w = (1.2±0.3) nm is smaller than the width reported for the ML Fe/Mo(110) in Ref. [10] . This difference may be explained by the different temperature during the measurement. Figure 2 (b) illustrates the topography of the 1.5 ML Fe grown by step flow on the vicinal Mo(110) surface at 700 K, revealing an array of the alternating ML and DL Fe nanowires, which are easy to distinguish on the dI/dU map [ Fig. 2(a) ] due to the dI/dU contrast resulting from thickness dependent electronic properties of the ML and DL Fe structures [12] . Similarly to the ML Fe case, the conductivity contrast for the DL Fe nanowires has a magnetic origin and the DL Fe wires are either "up" or "down" perpendicularly magnetized. DL Fe nanowires reveal only out-of-plane magnetic contrast which is verified by measurements using W/Au/Co tips with in-plane magnetic sensitivity. With an increase of Fe thickness the strength of dipolar coupling increases and the DL Fe nanowires are antiferromagnetically coupled.
There are two qualitatively different regions where adjacent DL wires are close to each other (see Fig. 2(a) ). In the region I, the DL wires are very close because of step bunching in the substrate, although the left DL stripe edge is straight. Apparently, DL wires are not directly connected. In the second case (region II), the second Fe layers sticks to the boundary between ML and DL on the left adjacent terrace. Presumably DL wires are directly connected. In both cases the distance between DL stripes is <1 nm. AFM dipolar coupling can be exceeded only in the case of direct coupling. We measured the width of the magnetic domain wall for the narrow DL Fe nanowires on the vicinal surface of the Mo(110) substrate. As can be seen on the dI/dU map shown in Fig. 2(a) , there are some spots where the adjacent DL Fe wires are directly connected, due to the beginning of step bunching of substrate steps. Due to the exchange coupling, these spots reveal a parallel orientation of magnetization, causing magnetic frustration in the antiferromagnetic order of adjacent DL Fe nanowires leading to domain walls, indicated by arrows in Fig. 2(a) . For the DL Fe nanowires we determine a domain wall width of w = (4.2±0.5) nm [see Fig. 2(c) and (d) ]. An increase of the thickness of Fe leads to the broadening of the magnetic domain wall width w. Summary: Using tungsten tips covered by Au/Co thin films we performed low-temperature (5~K) spin-polarized scanning tunnelling microscopy (SP-STM) studies of the morphology and magnetic properties of ML and DL Fe nanowires prepared on a M(110) single crystal. We find that the DL Fe nanowires, similarly to ML Fe nanowires, are perpendicularly magnetized, and they are AFM coupled. We measured the widths of the magnetic domain walls in the ML and DL Fe nanowires. We find that the domain wall width increases with thickness, and we directly observed that dipolar coupling increases with decreasing distance of nanostripes, however, it is exceeded by the exchange coupling when the stripes are touching.
